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2 Paragon Way
Freehold, NJ 07728

www.geotransinc.com (732) 409-0344 FAX (732) 409-3020

November 15, 2010
Mr. Dave Mark
Orange County Water District
18700 Ward Street
Fountain Valley, CA 92708

Re: Report - Model Evaluation of Recirculation Well
GeoTrans Project 117-1068002

Dear Mr. Mark:

At your request, GeoTrans has prepared this report with results from modeling conducted for the
above-referenced project.

OBSERVATIONS REGARDING MODELING DISCUSSION IN ATTACHMENT H OF ORION
REPORT

GeoTrans was provided with the following document: ““Report for Pilot Test of Groundwater
Circulation Well with In-Casing Oxidation Former Northrop Grumman Y-12 Facility, 301 E.
Orangethorpe Avenue, Anaheim, California’, by Orion Environmental, Inc. (April 23, 2010).
Attachment H of that report described modeling performed by GeoKinetics regarding a recirculation
well. Pertinent pages from that document are included in Attachment A of this report. Key
observations regarding the information provided in Attachment H of the Orion Report include the
following:

e Figure 1 in Attachment H of the Orion Report is a well construction diagram of recirculation
well CW-1. This figure indicates the following:

0 Top screen interval (for extraction) is from 110 ft bgs to 148 ft bgs (i.e., screen length
is 38 ft)

0 Blank casing separating the screens is from 148 ft bgs to 175 ft bgs (i.e., blank casing
length is 27 ft)

0 Bottom screen interval (for injection) is from 175 ft bgs to 193 ft bgs (i.e., screen
length is 18 ft)

e The modeling section in Attachment H of the Orion Report states that the modeling
GeoKinetics performed used a regional model by OCWD as a basis for a more local model
using a telescopic mesh refinement (TMR) approach. A specific reference for the OCWD
regional model (i.e., run number, date, etc.) is not provided. It further states that aquifer
parameters and lithology data were revised versus the regional OCWD model based on



available lithology data near the Y-12 site and measurements made during the pilot test at
CW-1. The specific lithology in the TMR model near CW-1 is not provided. The following
information is provided regarding parameter values for the TMR model in the shallow

aquifer:
o Kh =450 ft/d
o Ky= 90 ft/d
o Vertical anisotropy = 5:1
o0 Effective porosity = 25%

e The horizontal extent and horizontal grid spacing for the TMR model by GeoKinetics are not
provided

e The Orion report does not say for what specific time period in the OCWD regional model the
boundary conditions in the TMR model are based on, and it also does not state the nature of
the TMR model boundaries (specified head or specified flux).

e The Orion report states that Layer 1 in the OCWD regional model, which represents the
Shallow Aquifer, is divided into three layers of equal thickness and identical parameter
values in the TMR model. However, the report does not state what these equal thickness
values are, and does not state how the thickness of layer 1 (which is unconfined) was
determined (i.e., top minus bottom, or initial head minus bottom). Furthermore, the Orion
report does not state why layers of equal thickness were used since the screen intervals and
blank interval for CW-1 are not equal (38 ft for top extraction screen, 27 ft for blank casing,
and 18 ft for bottom injection screen).

o Note that effective porosity does not impact MODFLOW results or particle tracks. It only
impacts the velocity of the particles.

e Figure 14 in Attachment H of the Orion Report only shows two-dimensional particle tracks.
The Orion report does not indicate if the particles were tracked forwards or backwards (i.e.,
the starting locations are not identified). Additionally, the relative depth within each layer
where particles were started was not identified. The particle tracking results on Figure 14 in
Attachment H of the Orion report do not provide any insight regarding vertical recirculation
from layer 3 to layer 1, and the report provides no further insight into the degree to which
water injected to model layer 3 is recirculated to model layer 1. It also does not provide
insight regarding the degree to which impacted water in layer 3 (the deeper portion of the
shallow aquifer) might be displaced by the injected water.

MODELING OBJECTIVES

The following is from the scope of work provided to GeoTrans by OCWD: “Northrop’s consultants
have conducted modeling of the recirculation well and have quantified upgradient and downgradient
capture zones. However, they have not quantified (or at least shared with the District) the vertical
flow, and specifically how much, if any, recirculation occurs. The degree of recirculation is very
important since, at the Northrop Y-12 site, the VOC concentrations in lower part of the Shallow
Aquifer are more than double the concentrations in the upper part of the aquifer. Without significant
recirculation, the water injected into the lower part of the Shallow Aquifer will displace the
contaminated groundwater, causing the plume to expand laterally and in a downgradient direction.
This could exacerbate the problem and make it more difficult and costly for the District to contain the
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plume further downgradient. The objective of the modeling is to evaluate the degree of recirculation
and possible displacement of the plume in the lower part of the Shallow Aquifer.”

The scope of the modeling performed herein includes the following:

e Using the same aquifer parameters used by Northrop in their modeling analysis, which
includes a ratio of horizontal to vertical hydraulic conductivity of 5:1, conduct a local-scale
three-dimensional flow analysis of the recirculation well that shows in cross-section the
modeled flow path of water injected into the lower part of the Shallow Aquifer.

e Also, use the same model configuration, but increase the ratio of horizontal to vertical
hydraulic conductivity to 10:1.

o Compare the aquifer parameters used by Northrop’s consultant with the values used in the
calibrated refined model GeoTrans prepared for the District to support the NBGPP.

e Quantify the percent of the injected water that is captured by the upper screened interval and
the percent that flows downgradient without being recirculated. Quantify the volume of
water in the lower part of the Shallow Aquifer that is displaced by water that was not
recirculated.

e Conduct a sensitivity analysis of variations in horizontal and vertical hydraulic conductivity
between the upper and lower screened intervals.

o lllustrate the extent to which groundwater in the lower part of the shallow aquifer is displaced
as a result of operation of the recirculation well.

o lllustrate the extent to which upgradient water in the lower part of the Shallow Aquifer is
displaced as a result of operation of the recirculation well.

o lllustrate the extent to which water injected by the recirculation well remains in the lower part
of the Shallow Aquifer.

MODELING APPROACH AND MODEL CONSTRUCTION

The approach for Task 1 included the construction of a simplified three dimensional model that was
reasonably similar to the GeoKinetics model. It was not possible to exactly duplicate the GeoKinetics
model because key details regarding the grid extent, grid spacing, layer elevations, and boundary
conditions were not provided. The parameter values reported in the Orion report were utilized, and
an attempt was made to reproduce the simulated water levels illustrated on Figure 14 in Attachment H
of the Orion Report. Furthermore, predicted horizontal particle tracks were compared to the particle
tracks presented on Figure 14 in Attachment H of the Orion Report.

Modeling Codes

Flow modeling was performed using MODFLOW-2000, and particle tracking was performed with
MODPATH version 3, as implemented in Groundwater Vistas version 5.33 Build 21.
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Horizontal Model Extent and Horizontal Grid Spacing

The GeoTrans local model grid is rotated from north 4 degrees clockwise, and the lower left hand
corner of the model grid is (6050736.8, 2256335.3) in NAD 1983 State Plane California VI FIPS
0406 (ft). The rotation approximately aligns the local model columns with the water level contours
on Figure 14 in Attachment H of the Orion Report, which simplifies the specification of boundary
conditions. The GeoTrans local model has 187 rows and 187 columns. Recirculation well CW-1 is
in the middle of the model grid, and the model grid spacing is symmetrical relative to that well in all
four directions. The model length is 10,001 ft in both the X and Y directions. The maximum grid
spacing is 100 ft, and the minimum grid spacing near well CW-1 is 1 ft. A portion of the grid near
CW-1 is presented in Figure 1 to illustrate the range in grid spacing. The grid extent was selected so
that boundaries are sufficiently far from well CW-1 such that boundary assignment does not affect
simulation of drawdown and/or capture.

Vertical Layering

Layers in this simplified local model are flat, and layer elevations and thicknesses are summarized
below:

To Bottom .
Layer EIeF\)/ Elev Th'?ﬁ;‘ ess Comment
(Ft MSL) (ft MSL)
1 70 20 * Extraction Interval — Upper Portion of Shallow Aquifer
2 20 -7 27 Blank Casing — Middle Portion of Shallow Aquifer
3 -7 -25 18 Injection Interval — Lower Portion of Shallow Aquifer
4 -25 -50 25 Agquitard between Shallow and Principal Aquifer
5 -50 -1500 1450 Principal Aquifer

*varies across model domain based on simulated water levels, ~34 ft near CW-1

The primary interest for this modeling is layers 1 to 3. Layers 4 and 5 are included to allow for the
possibility of vertical flow from the Shallow Aquifer to the Principal Aquifer, and vice versa. Layer 1
is simulated as unconfined (Layer Type = 1), and the other layers are assigned as convertible (Layer
Type = 3), but given the head distribution in this model, the lower layers act as confined units.

Aquifer Parameters

Hydraulic conductivity is assigned as follows:

Kh =450 ft/d, Kv = 90 ft/d (consistent with GeoKinetics model)
Kh = Kv =0.001 ft/d
Kh =100 ft/d, Kv = 20 ft/d

e Llayerslto3:
e Layer4:
e Layer5:

Note that in the Groundwater Model Refinement that GeoTrans performed for OCWD (report dated
January 21, 2010) the hydraulic conductivity in the shallow aquifer (which corresponds to layers 1 to
3 in this local model) in the vicinity of CW-1 is 275 ft/d, with a vertical anisotropy ratio of 5:1. The
values assigned for model layers 4 and 5 are generally consistent with values that GeoTrans believes
are specified in the OCWD maodel that GeoKinetics may have used as a basis for their TMR model.
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Steady state modeling is performed so no storage coefficient is assigned. Porosity (for particle
tracking velocity) is assigned as 0.25 (consistent with GeoKinetics model).

Boundary Conditions

Specified heads are assigned on the western and eastern edges of the model, with the same value
assigned in all five layers. A head of 65.38 ft MSL was assigned on the western (upgradient) edge of
the model, and a head of 41.1 ft MSL was assigned on the eastern (downgradient) edge of the model.
These values were selected to generally duplicate the water levels presented on Figure 14 in
Attachment H of the Orion report. Well CW-1 was represented with an extraction well in model
layer 1 (- 11,551 ft3/d), and an injection well in model layer 3 (11,551 ft3/d). These rates correspond
to 60 gpm extracted and injected. No net recharge is assigned, and there are no inactive cells.

Numerical Solution

The PCG2 solution package in MODFLOW-2000 was utilized to iteratively solve the finite difference
equations for flow. A convergence criterion of 0.0001 ft and a residual criterion of 1 ft3/d were
utilized, and the resulting mass balance error reported by MODFLOW was sufficiently small (the
achieved mass balance error was generally 0.00%).

SUMMARY OF RESULTS — BASE CASE

Figure 2 presents a comparison of simulated water levels and particle tracks in model layer 1 for the
GeoTrans local model versus the GeoKinetics model. For the GeoTrans model, a line of particles
was released at the vertical midpoint of layer 1, at the locations illustrated on Figure 2, and tracked
forward. The water levels match quite closely between the GeoTrans model (red) and the
GeoKinetics model (blue), as do the particle tracks. This confirms that the GeoTrans model results
are generally consistent with the GeoKinetics model. Figure 3 represents a similar comparison for
model layer 3. In this case, the GeoTrans particles were initiated in a circle around the injection well,
radius of 1 foot, starting 25% up from the bottom of the cell, and were tracked forward. The
comparison is reasonable (though the orientation of the flow direction varies slightly). The GeoTrans
capture results for layer 3 will vary depending on the depth that the particles start (not illustrated).
The deeper the particles start, the wider the capture zone. Since GeoKinetics did not state how they
performed the particle tracking, it is not possible to make a direct comparison, but the results again
confirm that the GeoTrans local model results are generally consistent with the GeoKinetics model.

The GeoTrans model was then utilized to assess the degree to which water injected in the bottom well
screen (layer 3) is recirculated back to the top well screen (model layer 1), given the parameters in the
GeoKinetics model. To assess this, 160 particles were released in model layer 3 in a cylindrical
pattern around the injection well screen. The particles were released at a radial distance of 1 foot
from well CW-1, and tracked forward. The cylindrical pattern includes 16 particles released around
the well at 10 different depth intervals (5% of layer 3’s thickness from the bottom, 15% from the
bottom, 25% from the bottom, etc.), resulting in 160 particles. The percentage of those particles
tracked to the upper well screen represents an approximation of the percentage of water that
recirculates between well screens. The results indicate that 18 of the 160 particles (11%) are captured
by the upper well screen and that 142 of the 160 particles (89%) are not captured and displace other
water. The origin of the 18 particles captured by the extraction well is illustrated on Figure 4. All of
the recirculation occurs from the upgradient side of the injection well screen, and the depth to which
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the recirculation occurs in layer 3 diminishes away from locations that are directly upgradient of the
recirculation well.

Figure 5 a “map view” that illustrates the complexity of the simulated flow path for a specific particle
that originates near the injection well screen in model layer 3 (75% of the way up from the bottom of
layer 3), and ultimately is captured by the extraction well screen in model layer 1. The color of the
flow path changes when the particle enters a new model layer. The water injected at this point flows
to the northeast in model layer 3, to the northwest in model layer 2, and ultimately to the southeast
back to the extraction screen in model layer 1.

The three-dimensional pattern in which particles that originate in the deep part of the Shallow Aquifer
(layer 3) are captured by the extraction well in layer 1 is further illustrated in Figures 6 to 8. To make
these figures, particles were released in every cell in layer 3 (within a specific window), at a specific
starting depth. The particles that were captured by the extraction well in layer 1 were then
highlighted. Figure 6 illustrates the capture of particles that start 95% up from the bottom of layer 3,
and compares this to the capture of particles from Layer 1 illustrated on Figure 14 in Attachment H of
the Orion Report. As expected, the capture zone from the top portion of model layer 3 is smaller than
the capture zone from model layer 1. Also, all of the particles captured from layer 3 are from the
upgradient side of the injection well. Figure 7 illustrates the capture of particles that start 50% up
from the bottom of layer 3, and comparison to Figure 5 illustrates that the capture zone narrows with
depth. Figure 8 illustrates the capture of particles that start 5% up from the bottom of layer 3, and it
indicates that almost no capture occurs from this depth. These figures illustrate that only water from
upgradient of the recirculation well in layer 3 is captured by the extraction well in model layer 1, and
that zone gets narrower with depth in model layer 3.

SENSITIVITY ANALYSIS REGARDING PERCENTAGE OF RECIRCULATED WATER

First, a sensitivity analysis was conducted to determine the impact of vertical anisotropy in model
layer 1 to 3 on the percentage of water recirculated from the bottom well screen to the top well
screen. This was performed using the same method as with the base case (16 particles released in
layer 3 at 10 different depth intervals, at a radius of 1 foot from the recirculation well). The results
are summarized below:

Vertical Anisotropy % Injected Water % Injected Water That
Layers1t0 3 Recirculated Displaces Other Water
10:1 6% 94%
51 11% 89%
1:1 36% 64%

These results are consistent with expectations that the degree of recirculation increases as vertical
anisotropy decreases. For the case with higher vertical anisotropy, capture zone width in layer 1 will
be wider, and capture zone width in layer 3 (for a given depth) will be narrower. Figure 9 is similar
to Figure 4 (i.e., illustrates which of the 160 particles are recirculated back to the upper well screen),
but for a case with 10:1 vertical anisotropy rather than 5:1. With 10:1 vertical anisotropy, only the
particles that start directly upgradient of the injection well are recirculated to the upper well screen.

Next, a sensitivity analysis was performed to determine the impact of variations in horizontal
hydraulic conductivity in layers 1 to 3 on the percentage of water recirculated from the bottom well
screen to the top well screen. This was performed using the same method as with the base case (16
particles released in layer 3 at 10 different depth intervals, at a radius of 1 foot from the recirculation
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well). In each case, the vertical anisotropy was assigned as 5:1. Hydraulic conductivity values were
varied by a factor of 2. The results are summarized below:

Scenario for Kh % Injected Water % Injected Water That
(ft/d) Recirculated Displaces Other Water

K1 =450
K2 =450 11% 89%
K3 =450

K1 =225
K2 =450 16% 84%
K3 =450

K1 =450
K2 =450 16% 84%
K3 =225

K1 =225
K2 =225 32% 68%
K3 =225

K1 =900
K2 =900 4% 96%
K3 =900

These sensitivity results indicate that differences in hydraulic conductivity values assigned in model
layers 1 to 3 do have some impact on the degree of recirculation. The most significant changes
occurred when the overall hydraulic conductivity of all three layers was modified; the lower the
horizontal hydraulic conductivity, the greater the degree of recirculation. However, in all of the cases
the vast majority of injected water through the bottom well screen is not recirculated, such that the
majority of injected water displaces other water.

DEGREE OF DISPLACEMENT DUE TO THE RECIRCULATION WELL

Further analysis was performed to illustrate the degree to which the injection of water to the deeper
well screen displaces groundwater. The easiest way to illustrate this is to evaluate the extent to which
groundwater flowing towards the injection well screen from upgradient is diverted by the injected
water. This is illustrated for particles originating upgradient of the recirculation well, starting at
different depth intervals in layer 3:

Figure 10a — Particles originating 10% up from the bottom of layer 3
Figure 10b — Particles originating 30% up from the bottom of layer 3
Figure 10c — Particles originating 50% up from the bottom of layer 3
Figure 10d — Particles originating 70% up from the bottom of layer 3
Figure 10e — Particles originating 90% up from the bottom of layer 3

In each case the initial line of particles upgradient of the recirculation well is 200 ft wide, and in the
absence of recirculation the particle width would remain 200 ft wide (based on groundwater flow
only). As illustrated on Figure 10a, for particles starting in the deeper portion of model layer 3, the
displacement caused by the reinjection of water causes the particles to diverge, resulting in northern
and southern portions of particles. This widens the zone of impacted area (represented by the initial
particle locations) from 200 ft to 260 ft, with a portion of “clean” injected water that is causing the
displacement in the middle. Most of the water originating in the deeper part of layer 3 stays in layer
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3, though a few of the particles flow up into model layer 2. This flow pattern suggests that the
recirculation well can potentially complicate the capture and treatment of impacted groundwater
downgradient of the recirculation well, by making the plume wider (and more complicated
geometrically). As noted at the top of Figure 10a, this pattern is enhanced as the vertical anisotropy
increases. For a 10:1 vertical anisotropy, the zone of impacts (represented by the initial particle
locations) increases from 200 ft to 300 ft, rather than to 260 ft for a 5:1 anisotropy ratio.

Figures 10b to 10e illustrate that much of the water originating upgradient of the recirculation well in
shallower portions of model layer 3 will flow up to model layer 2, and some will flow up to model
layer 1 as well. Some of the water that flows to model layer 1 will be captured by the extraction
screen of the recirculation well, and the rest continues to flow to the west and is not captured. There
is still some divergence of the flow path around the recirculation well even for particles starting in the
upper portion of layer 3, though the added width of the impacted area (represented by the initial
particle locations) is reduced from 260 ft in the deeper part of layer 3 to 227 ft in the upper part of
layer 3 (versus 200 ft without the recirculation well).

EXTENT TO WHICH INJECTED WATER STAYS IN DEEP PART OF SHALLOW AQUIFER

The extent to which water injected by the recirculation well remains in the lower part of the Shallow
Agquifer (i.e., model layer 3) is illustrated in Figures 11a to 11e:

Figure 11a — Particles originating 10% up from the bottom of layer 3
Figure 11b — Particles originating 30% up from the bottom of layer 3
Figure 11c — Particles originating 50% up from the bottom of layer 3
Figure 11d — Particles originating 70% up from the bottom of layer 3
Figure 11e — Particles originating 90% up from the bottom of layer 3

In each case, 16 particles were released in a one foot radius around the injection well screen. Figure
11a illustrates that water injected near the bottom of layer 3 generally stays in layer 3. For water
injected shallower in model layer 3, more of the injected water flows up into model layer 2, and some
ends up in model layer 1. However, as discussed earlier, only a small portion of the injected water is
subsequently captured by the extraction well screen in model layer 1.
Please contact me at 732-409-0344 if you have any questions or concerns.

Sincerely,

el 94

Robert M. Greenwald
Principal Hydrogeologist

Attachments:

Attachment A: Selected Pages from “Attachment H” of Orion Environmental Report (4/23/10)
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Maximum Spacing 100 ft x 100 ft Approximate Scale

Note: Basemap features (including particle tracks) were digitized from Figure 14 in
Attachment H of the Orion Report. Model Grid is for model by GeoTrans.
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16 particles were started around the injection screen
at 10 different depth intervals, radius = 1 ft..

Of those 160 particles, 18 of them (11%) were
recirculated to the extraction well screen.

This figure illustrates which of the particles were
recirculated.
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This is a “map view” that illustrates the complexity of the
simulated flow path for a specific particle that originates near the
injection well screen in model layer 3 (75% of the way up from
the bottom of layer 3), and ultimately is captured by the
extraction well screen in model layer 1. The color of the flow
path changes when the particle enters a new model layer.
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16 particles were started around the injection screen
at 10 different depth intervals, radius = 1 ft.

Of those 160 particles, 10 of them (6%) were
recirculated to the extraction well screen.

This figure illustrates which of the particles were
recirculated.
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